We assessed outcomes of men with prostate cancer enrolled in active surveillance.
INTRODUCTION
There is concern that prostate cancer screening has led to the diagnosis and treatment of many cancers that would not have become life-threatening during a man's lifetime. 1 Recent studies have shown that the prevention of one death from prostate cancer may require active treatment of up to 48 men at a median follow-up of 9 years 2 and 12 men at a median follow-up of 14 years. 3 These findings emphasize the prevalence of overdiagnosis and overtreatment of prostate cancer. 4 Today, the majority of men diagnosed with prostate cancer are older than age 65 years and have low-to intermediate-risk disease. 5 More than 90% of these patients will undergo active treatment that is unlikely to extend their life span, in contrast to younger patients or those with higher-risk disease. 5, 6 Thus, unnecessary treatment of nonthreatening disease appears to be most common in older men.
Active surveillance with curative intent is an alternative to immediate intervention that may reduce overtreatment. Men with cancers thought to pose minimal risk to life are monitored, and curative treatment is recommended if higher-risk features are detected during follow-up. In the short term, results from active surveillance studies have demonstrated a low risk of prostate cancer-specific mortality. [7] [8] [9] [10] [11] [12] Nonetheless, a prevailing concern is that surveillance may lead to a delay in treatment and may sacrifice the window of opportunity for cure. 13 Additional follow-up is necessary to more definitively address this issue.
Since 1995, we have offered active surveillance as an alternative to immediate curative intervention in older men with presumed very-low-risk disease. 14 
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The purpose of this study was to update the Johns Hopkins experience with active surveillance for prostate cancer.
PATIENTS AND METHODS

Cohort Enrollment and Follow-Up
Since January 1995, older men presenting to our institution with verylow-risk prostate cancer (described in Patients and Methods) have been counseled that active surveillance is an acceptable alternative to immediate treatment.
14 Surveillance is primarily directed toward older patients, but men not meeting some criteria may elect to enroll because of comorbidities or for personal reasons if they have a Gleason score of Յ 6. This observational cohort study has been approved by the institutional review board at the Johns Hopkins Medical Institutions, and all patients provided informed consent before enrollment. Since 2005, 54.1% of men who were counseled that surveillance would be a reasonable option elected to enroll in the program.
As previously described by Epstein et al, 15 and now endorsed by the National Comprehensive Cancer Network, 16 enrollment criteria aim to identify very-low-risk prostate cancer and include clinical stage T1c disease, prostate-specific antigen (PSA) density less than 0.15 ng/mL, Gleason score Յ 6, two or fewer biopsy cores with cancer, and a maximum of 50% involvement of any core with cancer. 15 Men meeting all criteria at diagnostic biopsy were classified as having very-low-risk disease. Our surveillance protocol includes semiannual PSA measurements (total and free) with digital rectal examination and annual 12-to 14-core surveillance biopsy (transition zone biopsies obtained routinely since 2009). Curative therapy was recommended on disease reclassification, which was defined by a surveillance biopsy in which biopsy enrollment criteria were no longer met (ie, upgrade to Gleason score Ͼ 6, or Ͼ two cores with cancer, or Ͼ 50% cancer involvement of any core). Serum PSA concentration and PSA kinetics were not used as triggers for curative intervention. Notably, some patients chose to undergo curative intervention for personal reasons in the absence of disease reclassification.
Statistical Analysis
Study group characteristics at diagnosis (age, PSA, percent free PSA, PSA density [PSAD], the number of cores positive for cancer, the maximum percentage involvement of any core with cancer, and the year of diagnosis) were compared between treated and untreated men by using the t test in cases of equal variance and the Cochran t test in cases of unequal variance, with P Ͻ .05 considered statistically significant.
We calculated the crude proportion of men who experienced specific outcomes during surveillance, including curative intervention, biopsy reclassification, exit from the program, and death from all causes. Time on surveillance was defined from the time of diagnosis to an outcome, or to last clinical examination for those who did not reach a specified outcome. The proportion of patients experiencing each outcome was compared between men who met and did not meet all very-low-risk criteria by using Fisher's exact test. Additionally, the incidence rates of each outcome were calculated for all men in the study database and expressed as rates per 100 person-years of follow-up.
The Kaplan-Meier method was used to estimate time on surveillance free of biopsy reclassification and time on surveillance free of curative intervention. Time zero was defined as the time of diagnosis, and time on surveillance was defined as the time from diagnosis to an outcome. Patients who withdrew or were lost to follow-up were censored at the time of their last visit, and those who died were censored at time of death. Active patients were censored at the time of their last surveillance visit.
For men who underwent curative intervention, freedom from biochemical recurrence after treatment was estimated by using the Kaplan-Meier method. For this analysis, time zero was defined as the time of curative intervention, and patients not experiencing biochemical recurrence were censored at the time of their last PSA measurement. Recurrence was defined as PSA more than 0.2 ng/mL in men who underwent surgery and PSA of 2.0 ng/mL or more above the nadir in men who underwent radiation. 17 Men with less than 1 year of follow-up after treatment were not included in the analysis. In men who selected surgery or radiation therapy, freedom from biochemical recurrence was compared using the log-rank test. The level of significance was set at 0.05 in all analyses. All statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS
As of March 2010, 769 men (median age, 66 years; range, 45 to 92 years) had enrolled in the active surveillance program. Most participants were white (90.4%), although 6.2% were African American, and 3.4% were of other ethnic backgrounds. Even though the majority (78.4%) of men met all criteria for very-low-risk prostate cancer, 136 (17.7%) did not meet PSAD criteria, and 30 (3.9%) failed to meet another very-low-risk disease criterion. Specifically, 16 men (2.1%) had more than two cores positive for cancer, eight men (1.0%) had more than 50% involvement of a biopsy core, and six men (0.8%) had disease not classified as stage T1c or lower. All men met the criterion for a Gleason score Յ 6 and, thus, no patient in this program had Gleason score Ն 7 on the diagnostic biopsy.
Overall, patients were followed for a median of 2.7 years (range, 0.01 to 15.0 years). As of March 2010, 418 men (54.4%) were active (no curative intervention or exit from the program), 255 (33.2%) underwent curative intervention, 82 (10.7%) withdrew or were lost to follow-up, and 14 (1.8%) died of causes other than prostate cancer (Fig 1) . In total, 235 men (30.6%) demonstrated biopsy reclassification. Of these, 106 (45.1%) were reclassified on the basis of Gleason score upgrading (13.8% of entire cohort), and 129 (54.9%) were reclassified on the basis of number of biopsy cores or maximum core involvement with cancer (16.8% of entire cohort). Treatment was recommended for all men with Gleason score upgrading. Of the 129 men reclassified on the basis of disease volume, 38 elected to defer treatment for personal reasons or for comorbidities and thus continued on active surveillance. At the time of diagnosis, study group characteristics (PSA, percent free PSA, PSAD, and year of diagnosis) were significantly different in men who eventually underwent treatment compared with those who did not (Table 1 ). Earlier year of diagnosis was likely significant because in earlier years, there may have been undersampling of cancer with a six-core biopsy, whereas in later years, the standard was a 12-core biopsy or more.
After enrollment, the mean time until the first surveillance biopsy was 1.3 years (standard deviation, 0.6) and time between subsequent surveillance biopsies was 1.1 year (standard deviation, 0.5). Compliance with annual surveillance biopsies (defined as undergoing biopsy within 0.5 years of designated biopsy date) was 92% for the first biopsy and 91% for the second biopsy. Over 12 years of follow-up, the total compliance with annual biopsies was 89% (range of annual compliance 79% to 100%). The median time on surveillance free of curative intervention was 6.5 years (range, 0 to 15.0 years; Fig 2) . The probability of a patient remaining on active surveillance at 2, 5, and 10 years after diagnosis was 81%, 59%, and 41%, respectively. Of the 255 men who underwent curative intervention, 67 (26.3%) elected treatment in the absence of biopsy reclassification, and 188 (73.7%) underwent treatment on the basis of biopsy reclassification. Since 2009, 198 men underwent transition zone sampling as part of the surveillance biopsy, and cancer was detected in 46 (23.2%) of the transition zone biopsies.
The crude numbers and proportions of men who experienced specified outcomes during surveillance are summarized in Table 2 . Curative intervention (P ϭ .026) and biopsy reclassification (all causes, ie, Gleason score Ͼ 6, or Ͼ two cores with cancer, or Ͼ 50% cancer involvement of any core; P Ͻ .001) were observed in a significantly higher proportion of men who did not meet very-lowrisk entry criteria when compared with those who did. On postoperative pathology, two men who did not meet very-low-risk criteria were found to have lymph node-positive disease, although lymph node positivity was not observed in any men who met all criteria. In the entire cohort, the incidence rate of curative intervention was 9.7 per 100 person-years. The rate of biopsy reclassification (all causes) was 8.9 per 100 person-years, and the rate of biopsy reclassification due to Gleason score upgrading was 4.0 per 100 personyears of follow-up.
Of patients who underwent delayed curative intervention, 192 (75.3%) had sufficient post-treatment follow-up (Ն 1 year after treatment) for analysis of biochemical recurrence. Disease characteristics on diagnostic biopsy were not different when comparing the men included and those excluded from this analysis because of insufficient follow-up. However, men excluded because of insufficient follow-up were significantly older (mean age
Of the 192 treated men with sufficient follow-up after treatment, 96 (50%) underwent radical prostatectomy (median age, 63 years; range, 45 to 71 years), and 96 underwent radiation therapy (median age, 67 years; range, 54 to 80 years; Fig 1) . The median time from diagnosis to treatment was 2.0 years (range, 0.7 to 8.0 years) in patients who underwent surgery and 2.3 years (range, 0.8 to 10.2 years) in those who underwent radiation therapy. At the time of enrollment, men who eventually underwent surgery were significantly younger than those who underwent radiation (median age, 63 v 67 years; Kaplan-Meier estimates of survival free of treatment, survival free of biopsy reclassification (all causes, ie, Gleason score Ն 7, or Ͼ two cores with cancer, and/or Ͼ 50% involvement of any core with cancer), and survival free of biopsy reclassification (upgrading to Gleason score Ն 7). Time zero was defined as the time of diagnosis. Some men chose to undergo intervention in the absence of Gleason score Ն 7, and others chose to undergo intervention in the absence of disease reclassification by any cause.
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www.jco.org P Ͻ .001), but the groups did not differ with respect to PSA, % of PSA, PSAD, number of positive biopsy cores, or maximum percentage of core involvement on diagnostic biopsy (data not shown). At the time of the final biopsy before treatment, men who underwent surgery had a significantly lower median PSA (5.6 v 6.9; P ϭ .026) when compared with those who underwent radiotherapy. However, the proportion of patients with Gleason score Ն 7 did not differ by treatment group (33.3% v 35.4%; P ϭ .761).
Median follow-up after treatment was 2.0 years for men who underwent surgery and 2.8 years for men who underwent radiation. In total, 18 (9.4%) of 192 men experienced biochemical recurrence after delayed treatment, including four (4.2%) of 96 men who underwent surgery and 14 (14.6%) of 96 men who underwent radiation therapy. On Kaplan-Meier analysis, survival free of biochemical recurrence was significantly higher for men who underwent surgery compared with those who underwent radiation therapy (P ϭ .004; Fig 3) . Considering the entire cohort, no men have developed distant metastatic disease (Mϩ) or died as a result of prostate cancer.
DISCUSSION
Detection of prostate cancer with PSA testing followed by effective treatment results in a reduction in prostate cancer mortality.
2,3,18
However, a risk associated with PSA testing is the overdiagnosis and overtreatment of prostate cancers that would not have been diagnosed during life in the absence of screening.
1 Given the morbidity associated with prostate cancer treatment, it is prudent to explore alternatives aimed at preventing unnecessary intervention.
Active surveillance is an alternative to immediate intervention that involves careful follow-up with the option of delayed treatment at a time when intervention will prevent harm from disease.
14, 19 In men with favorable-risk disease, this approach has been associated with a prostate cancer-specific mortality of less than 3% at 10 years and is therefore considered a reasonable option for some men. 12 Our approach to surveillance differs somewhat from other programs in both the selection of candidates and the criteria for intervention. 20 We have used the selection criteria for very-low-risk disease originally described by Epstein et al 15 and endorsed by the National Comprehensive Cancer Network, 16 and we have used surveillance biopsy findings as the trigger for intervention. In total, one in three men in our program underwent curative intervention, a rate consistent with other surveillance programs. 12, 21 The reasons that patients eventually undergo intervention, however, differ between our program and others. Although 73.4% of men in our program underwent intervention because of biopsy reclassification, other programs cite PSA kinetics as a common trigger for intervention. 12, 22, 23 For example, PSA doubling time triggered intervention in more than one in three men in the Prostate Cancer Research International: Active Surveillance (PRIAS) study 24 and nearly one in two men in the Toronto experience. 12 As previously described, PSA kinetics are not used as a trigger for intervention in our program.
We believe that high-grade cancers missed at the initial biopsy pose the greatest risk to active surveillance patients in terms of a lost opportunity for cure. For this reason, men with a Gleason score of Ն 7 are not enrolled in our surveillance program, regardless of other disease characteristics. Furthermore, we now include transition zone sampling in our follow-up biopsy protocol because of the risk of missing a significant cancer in this undersampled region. 25 We have observed that measures such as PSA kinetics and prostate cancer gene 3 (PCA3) genetic testing are not reliable for predicting the presence of high-grade cancer on an individual basis. [26] [27] [28] Thus, if the goal of surveillance is to identify and treat higher-risk cancers, we believe that annual biopsies may be necessary to ensure patient safety. Promisingly, our data reveal that the great majority of men on surveillance were compliant with our follow-up biopsy regimen. In the future, advances in technology such as magnetic resonance imaging could potentially reduce the need for biopsy during active surveillance through identification of high-grade cancer.
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Unlike men who have high-grade cancer on a biopsy, we have considered all men with low-grade cancer (Gleason score Յ 6) for surveillance at their request. Inclusion of these patients has allowed for the comparison of men with Gleason scores of Յ 6 who did and did not meet the other criteria for very-low-risk cancer. In comparing risk groups, patients who met very-low-risk criteria were significantly less likely to be reclassified on a surveillance biopsy or to undergo curative intervention during follow-up when compared with those who did not. However, there was no difference in the rate of Gleason score upgrading on surveillance biopsy when comparing those who did and did not meet entry criteria. Thus, we cannot be sure that men meeting the criteria for very-low-risk prostate cancer will have more favorable outcomes when compared with those who did not.
In men who are treated following a period on active surveillance, biochemical recurrence has been evaluated as a proxy for long-term outcomes. 12, 24 At this point, our crude proportion of men with biochemical recurrence after treatment is lower than that of van den Bergh et al 24 and Klotz et al. 12 This may be the case because of previously described differences in entry criteria specific to each program and may further support our belief that active surveillance is safest for those with very-low-risk disease. With regard to our study, it is important to emphasize that although recurrence-free survival was higher in men who underwent surgery, there were important differences between the treatment groups that may account for this difference, and our study was not designed to evaluate the effectiveness of one treatment modality versus another. Instead, we have included these data so they may be discussed, when appropriate, in the context of other surveillance programs with different criteria.
Recent analysis from Van den Bergh et al 24 demonstrated that there were no differences in biochemical recurrence-free survival after immediate or delayed surgery in men eligible for surveillance. Furthermore, aggregate data from published surveillance cohorts have demonstrated prostate cancer-specific survival greater than 99% at a median follow-up of 43 months. 12 Nonetheless, it has been shown that even 10 years is not an adequate time frame for the evaluation of prostate cancer-specific survival, 3 and additional follow-up is therefore necessary to evaluate the safety of active surveillance for patients with a greater life expectancy. Because follow-up is limited in active surveillance programs, we believe that metastatic disease-free survival may be a meaningful end point for analysis.
There are several limitations of this study that deserve mention. First, given the lengthy natural history of low-grade prostate cancer, our follow-up interval may not be sufficient to rule out adverse outcomes in some patients after additional follow-up. Second, because of limited follow-up, we used biochemical recurrence after treatment as a proxy for long-term outcomes, although this is not a surrogate for cancer-specific survival. Thus, caution must be used in drawing conclusions on the basis of this end point. Third, our patient population was interested in alternatives to active treatment and was therefore highly motivated to return for follow-up examinations. This cohort may not be representative of other active surveillance populations that may have less stringent selection and follow-up criteria.
In conclusion, recognizing the limitations of predicting outcomes in men diagnosed with prostate cancer today, active surveillance with curative intent appears to be a reasonable alternative to immediate intervention for carefully selected older men. Limiting surveillance to patients with the lowest risk category of disease may reduce the incidence of adverse outcomes. Nonetheless, patients considering surveillance should be counseled on the possibility that delayed intervention may compromise the opportunity for cure in some cases.
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